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第二章为 HSFCM 应用于单个纳米颗粒的检测。将单荧光通道 HSFCM 改进






















常一致的结果。此外，对携载阿霉素的 370 nm ZrO2 纳米颗粒和荧光染色的细菌
E. coli ER2738 的检测表明双通道 HSFCM 可应用于不同材料纳米粒子的分析。 
第三章为 HSFCM 应用于致病菌与总菌数目的同时检测。为实现致病菌与总
菌数的同时检测与定量分析，将 HSFCM 改进为双荧光检测通道：采用 488 nm
激光器作为光源且功率控制在 1.0 mW，更换二向色滤光片和带通滤光片将检测
通道改进为绿色荧光和红色荧光双通道，且荧光信号分别由两个单光子计数检测
器（APD）检测。以致病菌 E. coli O157:H7 和非致病菌 E. coli DH5作为检测模
型，优化了荧光探针的选择及染色方案，建立了细菌的核酸染色检测体系和致病
菌的单克隆抗体-生物素-亲和素级联放大检测体系。对抗体单染或抗体与核酸共
染的致病菌 E. coli O157:H7 以及双染的非致病菌 E. coli DH5分别进行检测与定
量，计数结果与传统的平板计数法均具有很好的一致性，检测限约为105 cells/mL。





光底物 FDG 实现对单个细菌中低表达-半乳糖苷酶的检测，将 HSFCM 改进为
侧向散射光和绿色荧光同时检测的双通道：采用 488 nm 激光器作为光源且功率
控制在 1.0 mW，侧向散射光和绿色荧光信号分别由光电倍增管（PMT）和单光
子计数检测器（APD）检测。以转化了质粒 pUC18 的大肠杆菌 E. coli JM109 为
检测模型；在没有诱导剂条件下，由于存在大量阻遏蛋白而使得重组 E. coli 
JM109 表达低拷贝的-半乳糖苷酶。利用 FDG 对细菌中低水平表达的-半乳糖
苷酶染色，通过优化染色条件，在 HSFCM 上获得了较好的绿色荧光信号。结合
MUG 定量法确定了单个重组 E. coli JM109 细菌在没有诱导剂存在的情况下-半




















和 FMN 的可逆氧化-还原性），证实 HSFCM 可明确地检测到单个细菌的自发荧
光信号，而且这些荧光信号主要来源于细菌中氧化型的黄素类物质。利用三种




第六章为 HSFCM 应用于单细菌水平 EGFP 基因表达的快速监测。采用侧向
散射光和绿色荧光双通道的 HSFCM 对 E. coli BL21(DE3)/pET-32a(+)-EGFP 和 E. 
coli BL21(DE3)pLysS/pET-32a(+)-EGFP两种体系中不同调控条件下的EGFP融合
蛋白的表达进行快速监测。与耗时长且操作繁琐的 SDS-PAGE 检测法相比，
HSFCM 可以明显检测到 E. coli BL21(DE3)/pET-32a(+)-EGFP 体系中本底表达的
EGFP 融合蛋白以及较严谨 E. coli BL21(DE3)pLysS/pET-32a(+)-EGFP 体系中低
IPTG 诱导下低表达水平的 EGFP 融合蛋白。此外，HSFCM 还可以对不同浓度






















Flow cytometry is a well-established technology widely used for the analysis and 
sorting of individual biological cells or cell-sized particles in a rapid, quantitative, and 
multiparameter manner. However, one limitation of conventional flow cytometry is 
the inability to measure small particles less than 0.5 micron or dim particles having 
less than several hundred fluorescent molecules. There are a wide variety of biological 
particles such as bacteria, viruses, sub-cellular organelles, molecular assemblies, and 
molecules fall into the nanometer to sub-micron scale. Besides, with the development 
of nanotechnology, nanosized particles (such as gold nanoparticles, quantum dots and 
latex nanoparticles) are becoming increasingly important due to their wide 
bio-applications in labeling, delivering, therapeutics, sensing, separation and 
purification. Individual analysis of nanoparticles offers the advantage of statistical 
treatment by revealing the intrinsic heterogeneity that is not disclosed by ensemble 
analysis. Clearly, there is a great demand for the development of advanced approaches 
enabling simultaneous determination of the size, concentration, and biochemical 
properties of nanosized particles. In this dissertation, the configuration of a single 
channel high sensitivity flow cytometer (HSFCM) built during my master study was 
modified and tailored to meet different application needs in chemical biology study. 
The contents of this dissertation are summarized as follows: 
In chapter one, the concept, history, applications, and new development of flow 
cytometry are systematically introduced. The research plan and main contents of this 
dissertation are put forward in the end. 
Chapter two describes the application of HSFCM in single nanoparticle analysis. 
The HSFCM was modified to collect light emission on two separate channels: APD 
channel for orange fluorescence and PMT channel for light scattering. A 532 nm 
solid-state laser operated at 0.75 mM was used as the excitation source. Fluorescence 
bursts from single R-PE molecules were well resolved from the background with 















mixture of three sizes of polystyrene nanoparticles. Simultaneous measurement of 
fluorescence and light scattering signals from individual nanoparticles were 
demonstrated with the 100-nm fluorescent latex beads. Particle counting is 
demonstrated with the 210-nm fluorescent latex beads, and excellent correlation 
(R2>0.998) between the manufacturer reported concentrations and those measured by 
HSFCM enumeration was obtained. The measured sample detection efficiency was 
~90% on average for particle concentrations ranging from 1.62×105 to 3.93×107 
particles/mL. Sample mixtures with varying proportions of fluorescent and 
nonfluorescent nanoparticles were also analyzed with good ratio correspondence. 
Additionally, doxorubicin-loaded ZrO2 nanoparticles and fluorescently stained E. coli 
ER2738 cells were analyzed successfully with dual channel detection. 
Chapter three describes the application of HSFCM in the absolute and 
simultaneous quantification of specific pathogenic strain and total bacterial cells. The 
HSFCM used a 488 nm solid-state laser operated at 1.0 mW as the the excitation 
source. The instrument configuration was modified to enable two-color fluorescence 
detection: one APD for green fluorescence and the other APD for red fluorescence. 
Bacterial cell mixture comprising heat-killed pathogenic E. coli O157:H7 and 
harmless E. coli DH5α was used as a model system. Pathogenic E. coli O157:H7 cells 
were selectively labeled by red fluorescent probe via antibody-antigen interaction, and 
all bacterial cells were stained with membrane-permeable nucleic acid dye that 
fluorescents green. When each individual bacterium passing through the interrogating 
laser beam, E. coli O157:H7 emits both red and green fluorescence while E. coli 
DH5α exhibits only green fluorescence. As fluorescence burst generated from each 
individual bacterial cell were well distinguishable from the background, accurate 
enumeration and consequently absolute quantification were achieved for both the 
pathogenic strain and total bacterial cells. Using this strategy, accurate counting of 
bacteria at density above 1.0105 cells/mL can be accomplished with 1 min of data 
acquisition time after fluorescent staining. Excellent correlation between the 
concentrations measured by the HSFCM and the conventional plate-counting method 
were obtained for pure-cultured E. coli O157:H7 and E. coli DH5α. Bacterial cell 
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